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ABSTRACT 
International Journal of Exercise Science 12(4): 245-255, 2019. High-intensity circuit training (HICT) 
using body weight as resistance is a popular fitness trend and an ideal exercise modality in terms of functionality 
and economy. Given the popularity of HICT, evidence suggests that sex may elicit unique physiological and 
perceptual responses to this mode of exercise and there is a need for further work in this area. The purpose of this 
study was to examine physiological and perceptual responses of females and males to HICT using body weight 
resistance exercise. Forty-five participants (23 females and 22 males) completed baseline testing and a 15-minute 
HICT exercise bout wearing a portable metabolic analyzer. %VO2max, %HRmax, and RER were monitored during 
exercise and analyzed at 3 different 5-minute time segments during the HICT (beginning, middle, end). RPE was 
assessed half-way through the circuit (7.5), immediately upon cessation of exercise (15), and 15-minutes post-
exercise (Session RPE). There was a significant (p<0.01) time effect on %VO2max, %HRmax, RER, and RPE. At all three 
time points, %VO2max was significantly (p<0.02) higher among females compared to males.  RER values were 
significantly (p=0.02) higher among females during the last 5-minute segment (i.e. the end) of the exercise bout. 
However there were no differences in %HRmax (p>0.20). Males reported a higher RPE immediately post-exercise 
compared to females (p=0.01). Taken together, these data suggest that there are distinct, sex-specific physiological 
and perceptual responses to HICT; thus, sex-specific exercise prescription considerations are warranted. 
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INTRODUCTION 
 
Body weight resistance training and high-intensity interval training are two fitness trends 
gaining momentum among the health and fitness community (23).  High-intensity circuit 
training (HICT) using body weight as resistance is an ideal exercise modality in terms of 
functionality and economy (11). Several body-weight exercises utilized in HICT mimic 
movements used in activities of daily living (e.g. squats, step-ups, etc.); these exercises provide 
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functional fitness benefits. Additionally, HICT requires little to no equipment and can be done 
in a variety of environments (e.g. outside, in the home, in small spaces)(11). Despite the recent 
popularity, there are few studies investigating HICT using body weight resistance exercise. The 
physiological and cardiometabolic responses to HICT using body weight resistance exercise 
have not been studied.  
 
This is an important area of study as the physiological and cardiometabolic responses to HICT 
using body weight resistance exercise can influence a variety of training prescription variables 
and outcomes relative to both competitive and recreational athletes. For example, these 
responses have implications on self-selected exercise intensity and perceived exertion during 
and after the exercise bout (12, 17). Perceived exertion is associated with exercise enjoyment and 
adherence (15, 19, 26). A thorough understanding of the physiological and cardiometabolic 
responses to HICT using body weight resistance exercise can also improve the effectiveness of 
the exercise training and minimize injury (6, 9). For example, exercising at an intensity that is 
too high could result in non-functional overreaching. On the contrary, exercising at an intensity 
that is too low also can have undesirable outcomes such as a lack of beneficial physiologic 
adaptations related to improved performance.  
 
Further, previous studies have reported sex-specific differences in physiological measures and 
perceptual responses in response to high-intensity interval training (10, 14, 18), suggesting that 
sex-specific considerations when prescribing high-intensity exercise prescriptions are 
warranted. For example, a recent study by Panissa et al. reported sex-specific differences in 
cardiometabolic responses to high-intensity exercise (18). The authors reported sex-specific 
differences in anaerobic power reserve and respiratory exchange ratio during all out exercise. 
They conclude that males self-selected a higher exercise intensity and maintained a higher 
anaerobic power reserve compared to females. Interestingly, they reported no differences in 
oxygen uptake, which suggests sex-specific metabolic adjustments are taking place during high-
intensity interval training. A different study by Laurent et al. (2014) stated that sex-specific 
differences in recovery during high-intensity interval training may translate into sex-specific 
differences in perceptions of effort during exercise (14). The authors suggest that females 
demonstrate improved recovery during high-intensity interval training, which supports higher 
self-selected exercise intensity among females, leading to greater cardiovascular strain. The 
authors also noted that females typically reported higher perceptual strain during a bout of 
high-intensity exercise, but lower values of perceptual strain post-exercise. However, there are 
mixed findings in the literature regarding perceptual strain, as another study reported little-to-
no sex-specific differences in perceptual responses during all out cycling and treadmill exercise 
bouts (10).  
 
To our knowledge no study has investigated potential sex-specific differences in response to a 
HICT using body weight resistance exercise. Given the popularity of this exercise modality and 
evidence suggesting that sex may elicit unique physiological and perceptual responses to HICT, 
there is a need for further work in this area. Therefore, the purpose of this study was to examine 
physiological and perceptual responses of females and males to HICT using body weight 
resistance exercise. 
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METHODS 
 
Participants 
Fifty participants were recruited from a medium-size, Southern/Midwestern university. The 
study was advertised using flyers posted on campus. Forty-five participants completed both 
testing sessions. The study was approved by the University’s Institutional Review Board (IRB 
16-067). Following a comprehensive explanation of procedures, all participants signed written 
informed consent. To be eligible, participants had to be free of injury and healthy enough to 
participate in vigorous-intensity exercise (i.e. have no signs, symptoms, or known history of 
metabolic, cardiovascular, or renal disease)(21). Subjects were excluded if: they had a medical 
contraindication to exercise or if they were taking any medications known to alter metabolism, 
indicated by the health history questionnaire. 
 
Protocol 
Participants reported to the lab for two different study visits (Session 1 and Session 2).  
 
During Session 1, eligibility was confirmed through health screening questionnaires. Each 
participant completed a Physical Activity Readiness Questionnaire (PARQ) as well as a health 
history questionnaire to determine ACSM risk-factor assessment. Physical activity levels were 
assessed using the International Physical Activity Questionnaire (IPAQ). Baseline measures 
were taken including resting heart rate, age-predicted max heart rate using the equation (220-
age), resting blood pressure, height, weight, and maximal aerobic capacity (VO2max). VO2max was 
obtained using the Bruce treadmill protocol. Participants were deemed successful in achieving 
VO2max if they accumulated at least 2 of the following criteria: an elevated respiratory exchange 
ratio (RER) ≥ 1.10, a rating of perceived exertion ≥ 17 on the 6-20 Borg scale, and a HR within ± 
12 beats per minute of their age-predicted maximum. Age-predicted HR maximum (HRmax) was 
estimated by subtracting the person’s age from 220.  
 
Following baseline testing procedures, each participant was introduced to the body weight 
resistance exercise in the HICT protocol (Table 1). The rational for the exercise selection and 
protocol was based on previously published work (11). Participants were familiarized with each 
of the seven exercises (and/or the modified version of the exercise) in the circuit. After 
participants were comfortable with the seven exercises, they were informed not to consume any 
caffeine and/or alcohol and to avoid heavy exercise within the 24 hours preceding Session 2. 
 
Table 1. Experimental high-intensity circuit training (HICT) using body weight as resistance exercise protocol. 

Complete as many rounds as possible in 15 minutes 
12 air squats 

12 butterfly sit-ups 
12 push-ups (modified = 18 in incline push-ups) 

12 forward alternating lunges 
12 pull-ups (modified = ring row) 

12 step ups (20” box) 
12 high knees 
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Participants reported to the lab for the HICT exercise session between 24 hours and 7 days after 
Session 1. Upon arrival to the lab, the participant was fitted with a Polar heart rate monitor 
(Polar Electro Ltd., Warwick, UK) and was instructed to complete a five minute walking 
treadmill warm-up at a self-selected pace. After the warm-up participants reviewed the body 
weight resistance exercise and potential modifications to ensure they remembered how to 
correctly and safely perform each exercise. Participants were fitted with the K4 COSMED 
(Concord, California) portable metabolic analyzer to measure oxygen consumption, carbon 
dioxide production, and heart rate throughout the bout. Participants were instructed to 
complete as many rounds of the body weight resistance exercise protocol as possible during the 
15-minute time allotment. During the exercise bout, participants were constantly monitored by 
a research team member to ensure safety. If the participant could no longer properly complete 
the standard (unmodified) version of an exercise, they were instructed to continue the workout 
using the modified version. The Omni-Scale (0-10) was used to assess RPE at minute 7.5 and 
minute 15.  Upon completion of the exercise bout, overall Session RPE was assessed by asking 
the participant to report an RPE for the entirety of the exercise bout.   
 
VO2 (ml/kg/min), HR (beats/min), and RER were the physiological responses related to 
cardiometabolic demand assessed throughout the exercise session. To calculate %VO2max and 
%HRmax values, the measured VO2 and HR values assessed during the exercise bout were 
divided by VO2max and HRmax values obtained in Session 1 (respectively). The 15-minute exercise 
bout was divided into three 5-minute segments in order to investigate these measures at the 
beginning (minutes 0:00-4:59), middle (minutes 5:00-9:59), and end (minutes 10:00-15:00) of the 
HICT session. Thus, %VO2max, %HRmax, and RER were calculated for each participant during the 
“beginning,” “middle,” and “end” of the exercise session. Additionally, the “overall” value was 
averaged for the entire exercise session.   
 
The rating of perceived exertion (RPE) is a widely used validated scale to assess exercise 
intensity. The session RPE has been deemed an accurate reflection of the overall intensity of bout 
of exercise ranging from low to high-intensity modalities (4). The Omni-RPE (0-10) scale (24) 
was used to assess perceived exertion at minute 7.5, immediately post-exercise, and 15 minutes 
post-exercise (Session RPE).  The Omni-RPE scale, as opposed to the Borg (6-20 scale), was 
selected because it was easier for participants to report as they were able to hold up zero to 10 
fingers to indicate their RPE while exercising at high-intensity with their faces covered by the 
metabolic analyzer mask.  
 
Statistical Analysis 
All analyses were performed using SPSS for Windows software (version 25.0; SPSS, Inc., 
Chicago, IL, USA). Descriptive statistics (mean ± SD) were generated to show group 
characteristics. Independent samples t-tests were applied to detect differences in group means 
between males and females. Sex-specific physiological (%VO2max, %HRmax, RER) and perceptual 
(RPE) responses were assessed using repeated-measures ANOVA with emphasis on a sex 
(female, male) X time (beginning, middle, end) interaction, to determine if male and female 
participants responded differently during the HICT session. Sex-specific perceptual (RPE) 
responses also were assessed using repeated-measures ANOVA with emphasis on a sex (male, 
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female) X time (minute 7.5, immediately post-exercise, 15 minutes post-exercise) interaction. Post 
hoc comparisons were performed with contrast analyses. Data are presented as mean ± SD or 
means ± SD. All data were assessed for normality and equal variance. Statistical significance for 
all comparisons was set at p<0.05.  
 
RESULTS 
 
Participants’ baseline measurements are presented in Table 2. There were no age or baseline 
blood pressure differences between males and females; however, males had a significantly 
(p<0.05) higher body mass index (BMI) and VO2max values compared to females (Table 2).  
 
Table 2. Participant characteristics (mean ± SD). 

  Combined (n = 45) Men (n = 22) Women (n = 25)  
Age (y)  28.0±10.9  30.2±11.7   25.8±9.7 
BMI (kg/m2)  22.9±3.3  24.0±3.6*   21.8±2.6 
VO2max (mL/kg/min)  48.6±8.6  55.1±6.8**   42.4±4.6 
SBP 117.5±9.0 120.1±9.3 115.0±8.3 
DBP 75.2±8.2 75.8±8.2 74.6±8.4 
BMI = Body Mass Index; VO2max = maximal oxygen consumption; SBP = Systolic Blood Pressure; DBP = 
Diastolic Blood Pressure 
 * Significant difference (p < 0.05) between males and females. 
** Significant difference (p < 0.001) between males and females. 

 
The overall %VO2max, %HRmax, and RER values for all participants (averaged from the entire 
HICT session) were 58.7±9.2%, 88.9±5.0%, and 1.09±0.07% respectively. There was a significant 
(p<0.01) time effect for all three measures. As a whole, participants worked out at a significantly 
(p<0.01) greater %VO2max during the middle and end of the HICT session compared to the 
beginning. The beginning %VO2max (55.2±8.8%) was approximately 5% lower compared to the 
middle %VO2max (60.6±9.5%) and the end %VO2max (59.8±10.0%)(See Figure 1A). %HRmax 
increased significantly (p<0.01) throughout the HICT session (beginning 82.3±6.0% vs. middle 
90.6±5.4% vs. end 93.4±5.5%) (See Figure 1B). RER significantly (p<0.01) increased from the 
beginning to the middle of the workout and then significantly (p<0.01) decreased from the 
middle to the end of the workout (beginning 1.05±0.09 vs. middle 1.13±0.07 vs. end 1.09±0.06) 
(See Figure 1C). 
 
There were sex-specific differences in %VO2max at all three time points. %VO2max was 
significantly higher among females compared to males at the beginning (females 59.0±7.5% vs. 
males 52.2±6.3%; p<0.01), middle (females 63.3±9.3% vs. males 60.0±7.0%; p<0.01), and end 
(females 62.9±10.0% vs. males 59.7±5.9%; p=0.02) (See Figure 1A).  Interestingly, there were no 
sex-specific differences in %HRmax at any of the three time points (beginning, middle, end) (See 
Figure 1B). However, there was a significant (p=0.02) interaction effect (sex X time) for RER where 
females had a significantly higher RER compared to males at the end of the exercise bout 
(females 1.12±0.07 vs. males 1.07±0.05; p=0.02) (See Figure 1C). 
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Figure 1. Sex-specific changes in response to HICT body weight resistance exercise.  %VO2max, %HRmax, and RER 
at three five-minute time segments (“beginning” = minutes 0:00-4:59, “middle” = minutes 5:00-9:59, and “end” = 
minutes 10:00-15:00) during a 15 minute bout of HICT. To illustrate sex-specific responses, the solid line represents 
females and dashed line represents males. Data are presented as means ± SEM.  
*Significant difference between females and males (p<0.05). 
 
There was a significant time effect for RPE (p<0.01)(Figure 2). The average RPE at minute 7.5 
was (5.6±1.1) which was significantly (p<0.01) lower than RPE assessed immediately post-
exercise (8.1±0.9).  Females reported a lower RPE immediately post-exercise compared to males 
(females 7.7±0.7 vs. males 8.4±1.0; p=0.01). RPE assessed at minute 7.5 (females 5.6±1.1 vs. males 
5.5±1.1; p=0.73) and the overall Session RPE (females 7.0±1.2 vs. males 7.5±0.8; p=0.11) were not 
significantly different between females and males.  
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Figure 2. Rate of Perceived Exertion during and after HICT session. The Omni-RPE (0-10) scale was used to assess 
perceived exertion at minute 7.5, immediately post-exercise, and 15-minutes post-exercise (Session RPE). To 
illustrate sex-specific responses, the solid line represents females and the dashed line represents males. Data are 
presented as means ± SEM.  
*Significant difference between males and females (p<0.05). 
 
DISCUSSION 
 
The major findings from this study suggest there are sex-specific responses to a bout of HICT 
using body weight resistance exercise.  There are significant differences between females and 
males in terms of cardiometabolic demand as measured by %VO2max and RER during the 
exercise bout. In terms of perceptual responses, RPE assessed immediately post-exercise was 
significantly higher among males, compared to females. Taken together, these data suggest that 
there are distinct, sex-specific physiological and perceptual responses to HICT using body 
weight resistance exercise.   
 
We report sex-specific differences in %VO2max at all three time points during the 15-minute HICT 
bout (See Figure 1). In a previous study by Laurent et al., (2014), sex-specific physiological and 
performance responses in response to self-paced high-intensity interval training using a 
treadmill protocol (14). The training protocol consisted of six 4-minute intervals interspersed 
with recovery intervals. Females were found to exercise at a significantly higher %HRmax and 
%VO2max, compared to males during the exercise protocol, despite reporting no differences in 
RPE (OMNI scale)(14). The authors suggest that a greater proportion of a female’s aerobic 
capacity may be necessary to maintain moderate-to-vigorous work rate during a high-intensity 
interval workout (14). Interestingly, our results indicated no sex-specific differences in %HRmax 
at any of the three time points.  
 
An ancillary finding of the present study was that the overall average %HRmax was 
approximately 30% higher than the values for %VO2max, and previous studies found a similar 
response pattern of heart rate and oxygen consumption to HICT (8, 25). The overall average 
%HRmax and %VO2max values achieved in this study are similar to those reported by Williams et 
al., in which the participants achieved an average of 87.5%HRmax and 55.7%VO2max in response 
to a 12-minute, high-intensity circuit using kettlebells (25).  Their study findings were similar to 
our study findings in that %HRmax and %VO2max values differed by approximately 32%. Another 
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study investigating the relationship between %HRmax and %VO2max in response to resistance 
training also reported similar findings (i.e. %HRmax ~30% higher than %VO2max)(2). Collins et al. 
suggested a variety of mechanisms that could explain the higher HR. One mechanism could be 
the performance of the Valsalva maneuver during resistance exercises that increasing 
sympathetic nerve activity. Another possibility is that upper-body exercises may recruit a 
greater number of fast-twitch fibers, causing a greater exercise pressor reflex. While the exact 
mechanisms contributing to the higher HR are unknown, these data and our findings provide 
additional evidence that the relationship between VO2 and HR in response to HICT and/or 
resistance training varies from the traditional linear relationship commonly observed in aerobic 
exercise.  
 
There is a growing body of evidence on mechanisms that may be responsible for the 
discrepancies observed between males’ and females’ cardiorespiratory and metabolic response 
to HICT. Plausible explanations for the sex-specific differences in response to HICT include 
differences in muscle mass, substrate utilization, and muscle morphology (13). While we did not 
measure blood lactate, other studies have demonstrated sex-specific differences in blood lactate 
accumulation in response to high-intensity exercise. Laurent et al. (2010) showed that compared 
to males, females exhibited significantly lower blood lactate concentrations and lower 
performance decrements during four trials of high-intensity intermittent sprint exercise 
consisting of three bouts of eight 30 meter sprints (13). Their results suggest females may have 
a greater resistance to fatigue at high intensities and that there are sex-specific differences in the 
energy system utilized (aerobic vs. anaerobic) during high-intensity exercise bouts.  A previous 
study investigating physiological responses to a 30-second sprint uncovered both muscle fiber-
type-specific and sex-specific metabolic responses (7). Esbjornsson et al. reported significant sex-
specific differences in type I muscle fiber (but not type II muscle fiber) glycogen utilization in 
response to an acute bout of high-intensity exercise (7). These data suggest that females may 
have a higher relative contribution of the aerobic energy system and rely less on glycolytic 
processes during high-intensity exercise. This may explain why females in our study maintained 
higher %VO2max values during the HICT compared to their male counterparts.   
 
Interestingly, when evaluating sex-specific differences in RER, it was found that females had a 
significantly higher RER than males during the final third of the exercise protocol.  These 
findings are in contrast to other literature demonstrating that females tend to have a greater 
reliance on fat oxidation than their male counterparts (1, 20). Carter et al. demonstrate that after 
7 weeks of endurance training at 60% of VO2peak for 5 days per week, females displayed a 
significantly lower RER than males during a VO2peak test both before and after endurance 
training. Although it seems unlikely that any individuals would be capable of exercising at a 
higher intensity, while accumulating greater amounts of lactate due to a higher anaerobic 
contribution, it has been suggested females experience greater hypoalgesia (i.e. decreased 
sensitivity to painful stimuli) during exercise than males (3).  Research by Drury et al. suggests 
that during a graded, exhaustive VO2peak cycling test, females experience a greater pain 
threshold and pain tolerance at maximum intensity (VO2peak) when compared to baseline, 120 
watts, and during recovery (5).  This indicates that females experience a significantly elevated 
hypoalgesic response during maximal exercise.  Furthermore, in a study by Dannecker et al., it 
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was determined that after four consecutive days of eccentric arm exercises designed to induce 
muscular damage and pain, that females reported significantly lower perceived pain ratings at 
rest and during movement than males (3). This research on hypoalgesic responsiveness during 
exercise supports the idea that females are capable of exercising at a higher intensity than males, 
despite having a greater anaerobic contribution during extremely high intensity exercise.  
 
This study has some limitations. First, the use of the Bruce treadmill protocol to determine 
VO2max may not have yielded the participant’s true VO2max. For example, participants may 
have prematurely terminated the test due to lower body fatigue. To increase the likelihood of 
assessing true maximal effort, we included a variety of secondary criteria for achieving VO2max 
including: an elevated respiratory exchange ratio (RER) ≥ 1.10, a rating of perceived exertion ≥ 
17 on the 6-20 Borg scale, and a HR within ± 12 beats per minute of their age-predicted 
maximum.  HRmax was estimated by the formula “220-age” and the validity of this measure 
has been previously questioned (22). Previous work has suggested no sex-specific bias using this 
formula to estimate HRmax (16), which provides additional confidence in our overall findings.  
 
In summary, this study measured the physiological and perceptual responses of females and 
males in response to a 15-minute HICT bout using body weight resistance exercise.  Previous 
research indicates sex-specific exercise prescription considerations are warranted when HICT is 
incorporated into training regimens of females and males (14, 18); results from this study 
support this evidence. %VO2max was significantly higher among females compared to males 
throughout the HICT exercise bout, however there were no differences in %HRmax. These results 
indicate that heart rate alone may not be the best indicator of relative intensity and/or 
cardiometabolic demand during this type of exercise. This is important to consider when 
prescribing this mode of exercise to females and males. Future investigations of sex-specific 
cardiometabolic responses to HICT using body weight exercise are needed to fully understand 
the sex-specific cardiovascular and metabolic adjustments made during HICT. 
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